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ABSTRACT
The s p e c i f ic  purpose of the study was to evaluate  the benefi ts  
of c i t r u s  b iof lavonoid as an aid in the prevention and treatment of  
a t h l e t i c  in ju r ie s  such as sprains,  pul led muscles and contusions.
Members of the v a r s i t y  fo o tb a l l  team a t  the Louisiana State  
Univers i ty  during the 1962 season were used as subjects in th is  study.  
F o r ty -e ig h t  p layers ,  including t h i r t y - f i v e  members of the v a r s i ty  
squad and t h i r t e e n  members of the scout squad, were placed a t  random 
in to  two groups on a matched player  basis.  Throughout the pre-season 
pract ices and during the regular  season, each player received three  
g e la t in  capsules d a i l y — two before the noon meal and the th i rd  at  
su i t -up  t ime. Capsules containing 300 mg. of  lemon-orange f lavonate  
glycoside (a c i t r u s  biof lavonoid complex) were dispensed to Group B. 
The capsules dispensed to Group A contained 300 mg. of lactose, a 
placebo formulat ion.
A d e ta i le d  descr ip t ion  of a l l  the in ju r ie s  was recorded 
according to nature ,  sev er i ty  and treatment.  A comparison of  the 
i n ju r ie s  and treatment received by Group A and Group B was made. A l l  
in ju r ie s  were described as to locat ion ,  type, and sever i ty  a t  the time 
of occurrence. The results  o f  the study were:
1. Th ir teen players were injured in Group A, and fourteen
players were injured in Group B.
2, Group A subjects received twenty-seven contusions, whereas
vi i
the subjects in Group B received twenty- three contusions.
3. In the sprain category, Group A received twen ty -e igh t
i n ju r i e s ,  and Group B received fourteen i n ju r i e s .
4 .  Group A received nine sprains and s ixteen contusions
during the month o f  September, whereas Group B received 
four  sprains and s ix  contusions during the same month.
5.  Group A received s ix teen sprains and s ix  contusions during
October,  whereas Group B received nine sprains and ten 
contus i ons.
6. Group A received three  sprains and f i v e  contusions in
November, whereas Group B received one sprain and seven 
contusions.
The extent  o f  the s e v e r i ty  of the in ju r ie s  was approximately  
the same in both groups. In the sprain category f o r  Group A, 36 per 
cent of the in ju r i e s  f e l l  in the minimal or  mild c l a s s i f i c a t i o n s ,  and 
64 per cent o f  the in ju r ie s  f e l l  in the moderate and severe c l a s s i f i c a ­
t ion s .  In Group B, 50 per cent of  the sprains were of the minimal and 
mild c l a s s i f i c a t i o n s ,  and 50 per cent were of the moderate and severe 
c l a s s i f i c a t i o n s .
The average number of t reatments per in ju ry  was greater  in 
Group A than in Group B f o r  both contusions and spra ins .  The average 
number of  treatments f o r  the contusions in Group A was 4 . 2 ;  in Group B, 
i t  was 3 . 8 .  For the sprain category ,  the average number of  treatments
vi i i
received by Group A was 5 .8 .  The average number of treatments in Group B 
was 4 . 2 .
In making analyses by using t o t a ls ,  i t  appeared that  the 
experimental group received some ben ef i t  from the c i t r u s  b iof lavonoid;  
however, when th is  ana lys is  was made in terms of  s p e c i f ic  in ju r i e s ,  i t  
became apparent th a t  the in ju r ie s  to only a few subjects influenced the 
average a great  dea l .
Within the l im i ts  of  th is  study, i t  was concluded tha t :
1. C i t rus  biof lavonoid has no e f f e c t  on the number of  players
in jured.
2.  C i trus b iof lavonoid w i l l  aid s l i g h t l y  in reducing the to ta l
number of in ju r i e s .
3.  C i trus biof lavonoid supplementation has only a s l ig h t  e f f e c t ,
i f  any, on reducing the s ev er i ty  of fo o tb a l l  in ju r ie s .
4 .  C i t rus  biof lavonoid may show a s l i g h t  advantage in the
reduction of recovery time from traumatic in ju r ie s
received in f o o t b a l l .
5.  Players injured once are more l i k e l y  to be injured a second
CHAPTER I
INTRODUCTION AND STATEMENT OF PROBLEM 
I .  INTRODUCTION
Increased requirements of essent ia l  n u t r ie n ts  during stress  
and physical exe r t ion  necess i ta te  adequate d ie t a r y  in take  and 
supplementation. We now know th a t  the add i t ion  of  c i t r u s  biof lavonoids  
to the normal d i e t  has many b e n e f ic ia l  e f f e c t s .  Muscular and l i g a ­
mentous in ju r ie s  occur less f re q u e n t ly ,  in ju ry  recovery ra te  is much 
more rap id ,  muscular cramps are non-ex is tant  and swel l ing  caused by 
contusions or j o i n t  in ju r i e s  is minimal and subsides ra p id ly .  These 
observations are very important in car ing fo r  a t h l e t i c  i n ju r i e s .
More than two hundred chemical compounds have been i d e n t i f i e d  
in both the orange and lemon f r u i t .  These include Vitamin C, e ig h t  
B-complex f a c t o r s ,  seventeen carotenoid pigments, four  o f  which have 
Vitamin A a c t i v i t y ,  enzymes and more than f i f t y  aromatic f la v o r in g  
compounds. The i n te r r e la t io n s h ip  of  these apparent ly  is the key to 
adequate n u t r i t i o n  and hea l th .  An improper balance of  d i e t  n u t r ie n ts  
may have a detr imenta l  e f f e c t  because strong in te r r e la t io n s h ip s  
e x is t  between d ie t a r y  e s s e n t ia ls .  The presence of a l l  essent ia l  
n u t r ie n ts  is  required f o r  maximum t iss ue  growth and proper metabolism.
The inclusion of c i t r u s  In the d i e t  provides an important  
natura l  source of many of  these v i t a l  ess en t ia ls  and supplies many of
the fac tors  which p o te n t ia te  and enhance n u t r i t io n a l  substances 
present in the to ta l  d i e t .
Biof lavonoids, more commonly known as f lavonoids ,  are a ,class 
of organic substances found in c i t r u s ,  p r i n c i p a l l y  in the pulp.  
Working in conjunction with Vitamin C and other  n u t r ie n ts ,  they 
contr ibute  to the maintenance of the i n te g r i t y  of the c a p i l l a r y  and 
vascular systems. While there is no disease e n t i t y  s p e c i f i c a l l y  
known as "weakened c a p i l l a r i e s , "  many organic diseases are af fected  
by such a condit ion.
Of great  s ign i f icance  is the ro le  of the biof lavonoids in 
po te n t ia t in g  other n u t r i t io n a l  f a c to rs ,  esp ec ia l ly  Vitamin C. This 
re la t ionsh ip  between Vitamin C and the biof lavonoids has been the  
subject of  numerous reviews which emphasize t h e i r  value in blood 
c a p i l l a r y  and vascular funct ions.  An apparent re la t ionsh ip  also has 
been indicated between the biof lavonoids and several of the B-complex 
fac to rs .  Recent pre l im inary  f ind ings ind icate  the biof lavonoids in 
c i t r u s  p o ten t ia te  Vitamin A by increasing i ts  absorption and 
u t i 1iz a t io n .
I L  STATEMENT OF PROBLEMi
! The purpose of  th is  study was to invest igate  the e f fe c ts  of  
c i t r u s  biof lavonoids in minimizing the incidence, the s ev er i ty ,  and 
the durat ion of a t h l e t i c  in ju r ie s  in fo o tb a l l  players during a 
complete foo tb a l l  season.
CHAPTER I I
REVIEW OF LITERATURE
The f i r s t  part  of  the review of l i t e r a t u r e  deals with m ater ia l  
re la ted  to food supplement in minimizing the incidence and s e v e r i ty  
of  a t h l e t i c  i n ju r i e s .  The second par t  of  the review deals w ith  
re lated m ater ia l  to food supplement and t h e i r  e f f e c t  on hea l th  and 
f i t n e s s .  The th i r d  par t  deals w i th  incidence of  in ju r ie s  to f o o t b a l l  
players a t  Louisiana S ta te  U n iv e rs i ty  over a fo u r -y ea r  per iod.
1. STUDIES REVIEWED REGARDING INTAKE OF CITRUS BIOFLAVONOID 
IN REDUCING INCIDENCE AND SEVERITY OF ATHLETIC INJURIES
Cragin^ invest igated  the e f fe c ts  of  c i t r u s  b iof lavonoids on 
reducing the incidence and s e v e r i ty  of  a t h l e t i c  i n j u r i e s .  A th le tes  
a t  San Jose Sta te  College were used in the study. The f o o t b a l l ,  
soccer, and judo teams were given coated c i t r u s  b iof lavonoid with  and 
without  ascorbic ac id ,  ascorbic acid alone, or a placebo. A double­
b l ind  technique was used with a l l  a th le te s  except w ith  the basketbal l  
team. The study extended throughout the e n t i r e  t r a in i n g  season, w ith  
an equal number of men from each sport rece iv ing  the formula t ion  with
^R. B. Cragin, M.D.,  "The Use of Biof lavonoid in the Prevention  
and Treatment o f  A t h l e t i c  I n j u r i e s , "  Medical Times, Vol.  90,  No. 5 
(May, 1962).
3
kascorbic  ac id ,  w ithou t  ascorb ic  a c id ,  or  the placebo.  At the end of  
the season, the i n ju r y  records were reviewed and each p la y e r  was 
in te rv ie w e d .
In basketba l l  the d o u b le -b l in d  study was not fo l lo w e d .  Only 
those p layers  who had rece ived in ju r y  or who d id  not respond to  normal 
t rea tm ent  were used. One-ha l f  of the group was given the c i t r u s  
b io f lav o n o id s  and the o ther  h a l f  was given the ascorbic  ac id  formula­
t i o n .  Eva luat ion  and t a b u l a t io n  of r e s u l ts  was accomplished a t  the  
complet ion of  each per iod .
Cragin concluded from t h is  study:
1. The occurrence o f  muscle i n j u r i e s  was approximate ly  o n e -h a l f
as f re q u en t  in these groups as in the ascorbic  ac id ,  
p ec t in  or  corn s tarch con tro l  groups.
2 .  The recovery ra te  from muscle i n j u r i e s  was tw ice  as rapid
as th a t  of the c o n t r o ls .
3.  Muscle cramp (Char ley  Horse) is no longer a f a c t o r .
k .  Sw e l l ing ,  u s u a l ly  a r e s u l t  of  trauma, contusion or  j o i n t
i n j u r y ,  was minimal and disappeared r a p id ly .
The a d d i t io n  o f  c i t r u s  b io f la v o n o id s  to  the accepted treatment
of  s o f t  t is s u e  i n j u r i e s  caused a s i g n i f i c a n t  recovery response. There
was no change in the recovery t ime o f  l igament and j o i n t  i n j u r i e s  when
b io f lav o n o id s  were p rescr ibed .
2
Harr ison e t  a l . ,  in a study a t  Texas A&M Co l lege ,  inves t iga ted  the
2
R. H. H arr ison ,  R. H. H arr ison ,  I I I ,  C. E. Harper ,  and C. R. 
Lyons, " A t h l e t i c  I n j u r i e s , "  C l i n i c a l  M ed ic in e , 5 :787 ,  1958.
possib le  ro le  of water  so luble  c i t r u s  b io f lav ono id  compound in 
minimiz ing the s e v e r i t y  of  s u p e r f i c i a l  i n j u r i e s  in a t h l e t e s .  The 
study was s ta r te d  a t  the beginning of the 1956 f o o t b a l l  season. S ix ty  
v a r s i t y  p layers were evenly d iv id e d ,  according to  p o s i t io n ,  in to  three  
groups and t re a te d  as fo l lo w s ;  (1) twenty p layers  were given one 
capsule conta in ing  water so lub le  c i t r u s  b io f lavono ids  and ascorbic  
acid two t imes a day, (2 )  twenty p layers  received two capsules two
times a day, and (3) the remaining twenty players  served as untreated
c o n tro ls .  Voided u r in e  was c o l le c te d  and examined before the f a l l  
p r a c t ic e  season opened and each week fo l lo w in g  a mid-week game 
scrimmage. Bruises were measured; hematomas, s t r a i n s ,  spra ins ,  broken 
bones, la c e ra t io n s ,  and a l l  forms of  trauma were evaluated d a i l y  by 
one of the s t a f f  members.
Because the re s u l ts  obtained dur ing th is  short  study period  
ind icated t h a t  the a th le te s  were af forded s i g n i f i c a n t  p r o te c t io n ,  the  
study was extended to  cover the four-week 1957 spr ing t r a i n i n g  season. 
During th a t  t ime the e n t i r e  f o o t b a l l  squad received the higher  dosage 
of fo u r  capsules d a i l y ,  two capsules twice a day.
Harrison concluded from th is  study;
1. Data on the e f fe c t iv e n e s s  of a w a te r -s o lu b le  b io f lavono id  
compound in c o n t r o l l i n g  hematuria  due to  trauma is
i n s u f f i c i e n t  to draw conclusions.  No apprec iab le  e f f e c t
in reducing m orb id i ty  in cases of  lacera t io ns  and f ra c tu re s  
was demonstrated.
62. As a prophylactic measure, i ts  administrat ion is e f fe c t i v e  
in preventing and minimizing the sever i ty  of super f ic ia l  
in ju r ie s  such as bruis ing,  hematomas in skin and muscles, 
sprains and s t ra ins  resul t ing  in ear ly  restorat ion  of  
many injured players to the act ive  playing l i s t s .
Accordingly,  i t  was decided to continue the routine prophylact ic  
administrat ion to a i l  members of the Texas A&M footba l l  squad and to 
advocate i t s  use fo r  a th le tes  engaged in contact sports.
In a pre l iminary  control led study on in te rc o l le g ia te  w rest lers ,
3
M i l l e r  found that  the incidence and sever i ty  of  in ju r ies  were 
s ig n i f i c a n t l y  reduced by c i t r u s  bioflavonoid supplementation. Thirteen  
in te rc o l le g ia te  wrest lers  were placed on two capsules, three times 
d a i l y  for  one week, then maintained on one capsule,  three times d a i ly ,  
th e re a f te r .  Each capsule contained 200 mg. of ascorbic acid and 
200 mg. of soluble biof lavonoids.  A control group of fourteen  
wrest lers  was placed on placebos with the same dosage schedule. A l l  
par t ic ipants  in the study had approximately equal periods of contact  
in pract ice  but not in meets. All  in ju r ie s  occurred during pract ice  
and were evaluated by s t a f f  members each day.
In the pre liminary t e s t ,  three impressions were received:
1. Muscular in ju r ies  resul t ing  in the tear  of muscle t issue  
appeared to have s im i la r  degree of  sever i ty  and required
^M. J. M i l l e r ,  " In ju r i e s  to A th le tes ,"  Medical Times, 88:313,
I960.
7the comparable amount of t ime fo r  hea ling in both te s t  
and control  group.
2. The control group on placebos had a high percentage of f a c i a l
and s o f t  t issue  hematomas, which were conspicuously 
absent in the t e s t  group.
3.  The vast m a jo r i ty  of  in ju r ie s  which did occur in the te s t
group were of  the s t r a in  and sprain v a r i e t y ,  and the 
subjects who i n i t i a l l y  appeared to have sustained moderate­
ly  severe i n ju r i e s  were able  to return to contact a c t i v i t y  
more ra p id ly .
M i l l e r  conducted another study using an i n t e r c o l l e g i a t e
150-pound f o o t b a l l  team. At the onset of  th is  study a d a i l y  examination
was planned to note and eva luate  r e l a t i v e l y  asymptomatic in ju r ie s  which
the player  might not br ing to the a t te n t io n  of the physic ian;  however,
the t ime schedule of the a t h l e t e  precluded t h i s .  Thus, the only
i n ju r i e s  evaluated were those which were severe enough to  warrant
medical c o n su l ta t ion .  The fo l low ing  resu l ts  were observed:
The prophy lac t ic  use of  hesper id in -ascorb ic  acid has been 
found to  reduce the incidence and s e v e r i ty  o f  contusions sustained  
by f o o t b a l l  p layers .
The massive hemorrhagic e f fu s io n  usual ly  observed in cases of  
knee in ju r i e s  was found to  be reduced in those p a t ien ts  t rea ted  
p r o p h y la c t ic a l ly  with hesper id in -ascorb ic  ac id .
Our experiences and observat ions in the prophylact ic  use of  
hesper id in-ascorb ic  acid confirm the conclusion th a t  th is  
combination is of value in the condit ions described.
^ Ib id .  ' ’ ib id .
8Lichtman^ conducted an extensive study on the in f luence of  
c i t r u s  b iof lavonoids on traumatic  i n ju r i e s  in p r i z e  f ig h t e r s .  He 
noted th a t  ocu lar  trauma, blockage, and other bruises subsided in 
one to  three  days instead of ten days to two weeks ( p r io r  to the  
present t rea tm ent) .
Three hundred and f i f t y  t raumatic  in ju r ie s  were t rea ted  with  
hesperid in and ascorbic ac id .  The resu l ts  were c la s s i f i e d  as 
e x c e l le n t  in 231 cases, 66 per cent; good in 87 cases, 25 per cent;  
f a i r  in 18 cases, 5 per cent; and as f a i l u r e s  in 14 cases, k  per 
cent.  The fourteen f a i l u r e s  sustained i n ju r i e s  r e s u l t in g  in ruptured 
vessels and were obviously beyond the scope of n u t r i t i o n a l  or 
enzymatic treatment.
He concluded tha t  the use o f  hesper id in and ascorbic ac id ,  
o r a l l y ,  and the use o f  enzyme ( t ry p s in )  are adequate aids to  nature  
in the management of bru is ing  i n j u r i e s .
Much can be accomplished to minimize t issue in ju r ie s  by good 
n u t r i t i o n ,  a t te n t io n  to c a p i l l a r y  system, mental a t t i t u d e ,  and 
adequately car ing fo r  the problems of  f a t ig u e  and in ju ry  when they
7occur.
The vast c a p i l l a r y  system of  the human body, so often overlooked,  
must be considered as perhaps a func t io na l  organ of human physiology.
A. L. Lichtman, “Traumatic In ju r i e s  in A t h l e t e s , 11 In te rn a t io n a l  
Record of Medicine, 70:322,  No. 6,  June, 1957-
7 1 b i d .
The " c a p i l l a r i e s "  are the so-cal led " f i e l d s  of labor" where the 
essent ia l  a c t i v i t i e s  of the c i r c u la to ry  system are carr ied  out .  The 
importance of  the heart ,  a r te r ie s  and veins cannot be minimized,  
however, t h e i r  sole funct ion is to  mainta in an adequate ra te  of blood 
f low through the c a p i l l a r y  beds. A l te ra t io n s  in the funct ion and 
permeabil i ty  of  the c a p i l l a r i e s  ser iously  a f f e c t  the normal 
physiological  processes by in te r fe r in g  with  the t ra n s fe r  of  nu tr ien ts  
or by perm it t ing  micro-molecules or other  abnormal m ater ia ls  to pass 
the c a p i l l a r y  b a r r i e r  into  the t issues.
The in t e g r i t y  of the c a p i l l a r y  system is a f fec ted  by numerous 
complex factors  that  may be general ized as stress condit ions.  A 
broad scope of the causative agents, such as stress condit ions,  
n u t r i t i o n a l ,  physica l ,  environmental and disease a f f e c t  the in t e g r i t y  
and funct ion of  the c a p i l l a r y  system and resu l t  in c a p i l l a r y  damage. 
Stresses may be c la s s i f i e d  as;
1. N u t r i t i o n a l ; m a ln u t r i t io n ;  vi tamin d e f ic ie n c ies ;  enzyme
d e f ic ie n c ie s ;  toxic  factors  (chemicals,  foods and drugs);
pregnancy; growth.
2.  Phys lca l : in ju ry  or trauma (bruises,  spra ins) ;  surgery
(wound hea l ing ) ;  burns; exhaustion (overexer t ion ,
f a t i  gue) .
3. Env? ronmental; f reez ing ;  atmospheric pressure changes; heat
and humidity; a l l e r g i c  fa c to rs ;  physio log ica l .
4 .  Disease s ta te s ; in fec t ions  ( v i r a l ,  b a c t e r i a l ) ;  endocrine
disturbances; splenic dysfunctions;  malignancies.
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The pa t te rn  o f . c a p i l l a r y  damage includes increased perm ea b i l i ty ,  
seepage of blood and plasma const i tuents  in to  the t issues ,  followed  
by inflammatory reac t ion .  The inflammation may be loca l ized  at  the  
s i t e  o f  the in ju r y  or  may extend throughout the body in such t issues  
as b r a in ,  nerves, h e a r t ,  l i v e r ,  lungs, spleen, adrenals ,  muscle and
g
the in t e s t i n a l  t r a c t  on a generalized bas is .
Various b iof lavonoid  m ate r ia ls  have been evaluated f o r  th e i r  
e f f e c t  upon the c a p i l l a r y .  The degree o f  c a p i l l a r y  f r a g i l i t y  has 
been determined by numerous procedures.
The therapeu t ic  r a t io n a le  of combining hesperid in or other  
c i t r u s  biof lavonoids w ith  ascorbic acid or other  therapeut ic  agents 
is based on the premise that  c a p i l l a r y  weakness may be a co n tr ib u t in g  
f a c to r  to the disease s ta te  and tha t  c a p i l l a r y  i n t e g r i t y  should be 
maintained.  C i t rus b io f lavono ids  in conjunction w ith  ascorbic acid 
appears to enhance the e f f i c a c y  of other  therapy and aid in c o n t r o l ­
l in g  such fac to rs  as in fe c t io n ,  stress and n u t r i t i o n a l  d e f ic iency  even
9
in cases which do not manifest c a p i l l a r y  weakness.
Tissue r e p a i r ,  wound healing and the reversal  of  the inflam­
matory process are dependent upon accelerated c e l l u l a r  metabolism,  
increased requirements of Vitamin C, c i t r u s  b iof lavonoids and other  
n u t r ie n ts ,  hormones ( c o r t i c o s te r o id s ) ,  enzymes and other f ac to rs  are
8R. C. Bruner and G. H. Palmer, “ Maintenance of C a p i l l a r y  
I n t e g r i t y , 11 Ci t rus Biof lavonoids i n Health and Pi sease. Ontario,  
C a l i f o r n ia :  Sunkist Growers, B-768, May, 1961.
9 l b i d .
e s s e n t ia l .  In a d d i t io n ,  Vitamin C and the c i t r u s  b iof lavonoids are  
important as adjuvants to the therapeu t ic  regimen in c o n t r o l l in g  or  
reversing the extension of inflammatory processes.
The mechanism of  the c i t r u s  b iof lavonoids in the prevention and 
reversal  of  the inflammatory processes may be considered on a m u l t ip le  
basis by:
1. C a p i l l a r y  act ion  (maintenance of  i n t e g r i t y ;  decreased
permeab i 1i t y ) .
2. C e l l u l a r  metabolic processes ( i n h i b i t i o n  of Hyaluronidase,
which is the spreading f a c to r  in t issues;  p o te n t ia t io n  of  
cor t ic o s te ro id s ;  s t a b i l i z i n g  e f fe c ts  on the r e t i c u l o ­
endothe l ia l  c e l l s  o f  the adrenal gland; and sparing  
act ion and synergism with  Vitamin C ) .
3. D i rec t  an t i - in f lam m atory  ac t io n .
k .  E levation of  plasma c o r t ic o s te r o id  l e v e l . ^
Pre- and post-surg ica l  c i t r u s  b iof lavonoid  treatment  of f i v e  
hundred t h i r t y  tons i l lec tom ies  s i g n i f i c a n t l y  reduced the need f o r  
clamp and the procedures to control  oozing of  blood from the cut  
surfaces.  In t h i r t y - f i v e  head and neck surgical  procedures t reated  
with c i t r u s  b io f lavonoids ,  the need f o r  sutures or nasal packings was 
d e f i n i t e l y  decreased, and p o s t -opera t ive  swel l ing receded sooner than 
expected from previous e x p e r ie n c e .^
' °R .  C. Bruner and G. H. Palmer, "C i t rus  Biof lavonoids in 
Surgery and Wound Hea l ing ,"  Ci t rus Bioflavonoids i n Health and 
Pisease. Ontar io ,  C a l i f o r n ia :  Sunkist Growers, B—761, May, 1963.
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I I .  STUDIES REVIEWED REGARDING INTAKE OF CITRUS BIOFLAVONOID 
AND EFFECT ON HEALTH AND FITNESS
12Simonson, Baer, and Enzer studied the e f f e c t  of  a large  
surplus of  Vitamin B Complex (6 mg. Thiamin, 80 mg. Nicotinamide,
8 mg. R ib o f la v in ,  0 .3  mg. Pyridox ine ,  80-120 un i ts  f i l t r a t e  f a c t o r  a_ 
day) given f o r  s ix  to ten weeks a f t e r  a p re l im inary  period of three  
weeks to twelve hea l thy subjects as compared w ith  a control  group of  
eleven sub jects .  No e f f e c t  o f  Vitamin B intake was seen in f i v e  
d i f f e r e n t  types of muscular work: (1)  dynamic work (endurance and 
recovery) ,  (2)  s t a t i c  work (endurance and recovery) ,  (3)  maximum 
frequency of  f in g e r  movements, (4) absolute muscle fo rc e ,  and (5)  
f a t ig u e  o f  maximum muscular e f f o r t .  The increase and recovery of  pulse 
ra te  in dynamic and s t a t i c  work was not changed. In e ig h t  of twelve  
subjects ,  there  was a pronounced increase of the fusion frequency of  
f l i c k e r  (which is in t im a te ly  re la ted  to f a t ig u e  of  the centra l  
nervous system) beginning a f t e r  three weeks intake and reaching the 
maximum a f t e r  f i v e  weeks in take .  The fusion frequency dropped to the 
i n i t i a l  values during the four  to  six-week period a f t e r  cessat ion of  
in take .  The placebos given to  the control  group had no e f f e c t .  A l l  
twelve experimental subjects and only one of the control group f e l t  
Improvement of  sub jec t ive  working capac i ty .  There fore ,  a favorab le
12 E. Simonson, A. Baer, and N. Enzer, “The Inf luence of Vitamin  
B (Complex) Surplus on the Capaci ty f o r  Muscular and Mental Work," 
Federat ion Proc. , 1:81, 1942.
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in f luence on the capaci ty  f o r  a l l  types of work with p r e v a i l in g  
f a t i g u e  of  the centra l  nervous system might be expected in the m a jo r i ty  
of normal people from the intake o f  considerable Vitamin B-complex 
surplus.
Twenty-s ix so ld ie rs  maintained on standard U.S. Army garr ison
rat ions were repeatedly  subjected to standardized severe exercise in
13a study by Keys and Henschel. The exerc ise consisted of marching 
f o r  a d e f i n i t e  period on the motor-driven t readm i l l  a t  a constant  
speed of 3 .85 miles per hour and a 12.5 per cent angle of  cl imb in 
the f i r s t  ser ies  and 10 per cent in a l l  subsequent se r ie s .  C i r c u la ­
to r y ,  metabolic  and blood chemical responses were measured. The 
exerc ise  room was maintained a t  78°F w ith  r e l a t i v e  humidity between 
40 and 60 per cent s a tu ra t io n .  The exerc ise was severe enough to be 
somewhat beyond the capaci ty  of  the average untra ined co l lege  student .
In four  ser ies  of studies involv ing 256 experiments, large  
d a i l y  supplements of  thiamine c h lo r id e ,  r i b o f l a v i n ,  n i c o t in i c  ac id ,  
pyr idoxine ,  pantothenic ac id ,  and ascorbic acid were administered  
over periods o f  four  to s ix  weeks, a l t e r n a t i n g  with equal periods of  
placebo ad m in is t ra t ion .
In n e i th e r  b r i e f  extreme exerc ise  nor in prolonged severe 
exerc ise  and sem i-s ta rva t ion  were there  ind ica t ions  of  any e f f e c t s ,  
favorab le  or otherwise, o f  the v i tamin supplementation on muscular
13A. Keys and A. Henschel, "Vitamin Supplementation of  U.S.
Army Rations in Relat ion to  Fat igue and A b i l i t y  to  do Muscular and 
Mental Work," _J. N u t r i t i o n . 23:259, 19^2.
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a b i l i t y ,  endurance, res is tance to  f a t i g u e ,  or recovery from e x e r t io n .
Healthy young men expending an average of  3700 to 4200 c a lo r ie s  per
day are  not benefi ted by a d a i l y  supply of more than 1.7 mg. thiamine
c h lo r id e ,  2 .4  mg. r i b o f l a v i n ,  and 70 mg. of  ascorbic acid.
14In a study by Dar l ing  and others,  twenty- four  volunteers  
were selected from the personnel of a C i v i l i a n  Public  Service Camp, 
who continued on the work regime of the camp and ate  t h e i r  meals at  
specia l  tables in the regu lar  mess h a l l s .  At the s t a r t  of  the study,  
each subject was given a thorough physical examination, c l i n i c a l  
laboratory  examination of  blood and ur ine  and blood chemical examina­
t ion  of  NPN, pro te in  and A/G Rat io .  Throughout the study, f requent  
check-up physical examinations were held and the estimations o f  blood 
NPN and p ro te in  were repeated weekly along with  a measurement of  the  
nitrogen in a 24-hour specimen o f  u r in e .  Assessment of physical  
f i t n e s s  each week was by means of the so -ca l led  “ Pack T e s t . ' 1 In th is  
t e s t  the sub jec t ,  wearing a rucksack weighted to approximately  
o ne - th i rd  his body weight,  stepped up onto a 16-inch p la t form  and 
back down onto the f l o o r  once each 2 seconds (h a n d - ra i ls  a t  shoulder 
height  were used as an a i d ) .  The stepping exerc ise  was terminated a t  
f i v e  minutes i f  the subject could carry  on th a t  long; a f t e r  stopping,  
the pulse was counted f o r  th ree  per iods: 1 to 1^ minutes, 2 to  2^
14R. C. D ar l ing ,  R. E. Johnson, G. C. P i t t s ,  F. C. Consolazio,  
and R. H. Robinson, “ E f fec ts  of V a r ia t io n s  in D ie ta ry  Prote in  on the 
Physical Wel l-being of  Men Doing Manual Work," J^ . Nutr i t i o n , 
28:273-281 ,  ig44.
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minutes, and 4 to minutes o f  the recovery p e r iod .  From these data  
a numerical score was ca lcu la ted  as:
Duration of exerc ise  in seconds_______________________
2 X Sum o f  pulse beats counted in the three periods
This te s t  had been found prev ious ly  to c o r r e la t e  w ith  physical a b i l i t y  
in a th le te s  and to p a r a l l e l  improvements with t r a in i n g  and d e t e r io r a ­
t ion  accompanying proven inadequate d i e t s .  In order  to have an 
a dd i t iona l  index of  recupera t ive  powers, the te s t  was administered  
twice on each occasion with only  a f i f t e e n  minute res t  period between 
the two.
The d ie ta r y  te s t  program consisted of  three  periods; two weeks 
p re l im in ary  con tro l ;  e ight  weeks of modified d i e t ;  and two weeks of  
f i n a l  c o n t r o l .  The twenty- four  subjects were d iv ided  in three  groups 
of  e ig h t — each group including a rough cross -sect ion  of the whole in 
respect to  occupation and physical  f i t n e s s .  A l l  groups a te  the 
regular  camp d i e t  f o r  the f i r s t  two weeks and one o f  the groups of  
eight  continued thus throughout.  A second group, ca l led  r e s t r ic te d  
prote in  group, changed t h e i r  d i e t  a t  the end of  the f i r s t  control  
period to  one which allowed no meat, cheese, eggs, nuts,  legumes and 
only up to  one -ha l f  cup of m i lk  d a i l y .  Bread was the only other  food 
allowed the r e s t r ic te d  pro te in  group which contained animal prote in  
( m i l k ) .  This was l im i ted  in amount to t h i s  group so that  not more 
than 2^ gm. of  m i lk  prote in  was furnished d a l l y  in th is  form and not  
more than f i v e  gm. o f  animal p ro te in  in the e n t i r e  d a i l y  d i e t  (the  
other  2^ gm. or less in top m i lk  on c e r e a ls ) .  Un limited amounts of
low protein foods were furnished th is  group and they, l i k e  the other  
groups, were urged to f u l l y  s a t i s fy  t h e i r  appet i tes .  During the f in a l  
control  per iod,  th is  group was given a high prote in  d i e t .  The th i rd  
group, cal led the high prote in  group, was furnished with large  
amounts of high prote in  foods and allowed only res t r ic te d  amounts 
of low prote in  foods. A l l  groups were given d a i l y  5 gm. of yeast  
e x t r a c t  f o r t i f i e d  with add it iona l  r ib o f l a v in  to f o r e s t a l l  any 
p o s s ib i l i t y  of  Vitamin B def ic iency .
Each s u b je c t  had a s pec ia l  record book w i t h  a page f o r  each 
day in which he noted the  amounts o f  each a r t i c l e  o f  food eaten d u r in g  
th e  day on one s ide  o f  the  sheet  and the  d ay 's  a c t i v i t i e s  hour by 
hour  on the o t h e r  s id e .  The p roper  a n a l y t i c a l  f i g u r e s  f o r  p r o t e i n ,  
f a t  and c a l o r i e s  were en tered in these books p e r i o d i c a l l y  by the 
d i e t i c i a n ' s  s t a f f .
The work o f  the s u b je c ts  inc luded o f f i c e ,  k i t c h e n ,  laund ry ,  
f a rm in g ,  and f o r e s t r y  work ( i n c l u d i n g  work on t r a i l s ,  c l e a r i n g  
f o r e s t  ground and r e p a i r  o f  roads) .  The d a i l y  c a l o r i c  e x p e n d i tu re ,  
depending on the  s u b j e c t ' s  j o b ,  ranged from 2400 t o  5000 c a l o r i e s ,  
w i t h  an average o f  app ro x im a te ly  3300.
I t  was found t h a t  even w i t h  the severe r e s t r i c t i o n  o f  h igh 
p r o t e i n  foods ,  the d a i l y  p r o t e i n  in ta k e  was r a r e l y  below 50 gm. and 
averaged 53 gm. When the c a l o r i c  in ta k e  was above 4000 c a l o r i e s ,  the 
p r o t e i n  was u s u a l l y  nea re r  60 gm. I t  is  apparent  f rom t h i s  t h a t  t o  
choose a low p r o t e i n  d i e t  f rom commercial a r t i c l e s  o f  d i e t  is
d i f f i c u l t ,  p ro v id e d  c a l o r i c  ba lance is  m a in ta in e d .  When s u f f i c i e n t  
c a l o r i e s  a re  g iv e n  f o r  hard p h y s ic a l  l a b o r ,  a f a i r l y  r e s p e c ta b le  le v e l  
o f  p r o t e i n  i s  a u t o m a t i c a l l y  i n c lu d e d .
In g e n e r a l ,  a l l  the  s u b je c ts  in  the  r e s t r i c t e d  p r o t e i n  group 
b e l i e v e d  th e y  were g e t t i n g  enough f o o d .  I t  was t h e i r  o b s e r v a t i o n ,  
however,  e s p e c i a l l y  those  do ing  the  h e a v ie s t  wo rk ,  t h a t  t h e y  became 
u n u s u a l l y  hungry  and f e l t  a l i t t l e  weak l a t e  in  the  morn ing and l a t e  
in  t h e  a f t e r n o o n .  There was an average w e ig h t  lo ss  d u r i n g  th e  8-week 
p e r io d  o f  0 .9  k g . ,  a good p a r t  o f  wh ich  cou ld  be l o g i c a l l y  e x p la in e d  
by the  f a c t  t h a t  sev e ra l  o f  the  group s t a r t e d  on a regime o f  much 
h e a v ie r  o u td o o r  wo rk  than was customary t o  them. A w e ig h t  lo ss  o f  
s i m i l a r  magnitude was found in the group on the  normal d i e t .
None o f  th e  s u b je c t s  complained o f  unusual  symptoms o t h e r  than 
l a t e  morn ing and a f t e r n o o n  hunger.  The pack t e s t  d a ta  co n f i rm e d  t h e  
im press ion  t h a t  th e y  show no d e t e r i o r a t i o n .  In s p i t e  o f  some 
i r r e g u l a r i t i e s ,  i t  was found t h a t  bo th  the  group on normal d i e t  and 
r e s t r i c t e d  p r o t e i n  d i e t  improved s l i g h t l y .  A few improved s t r i k i n g l y ,  
u nd oub ted ly  due c h i e f l y  t o  the  p h y s i c a l  t r a i n i n g  f rom t h e i r  a c t i v e  
work  reg im e.  The i r r e g u l a r i t i e s  o f  sco res  a re  in  some cases due t o  
changes in  m o t i v a t i o n  on d i f f e r e n t  days ;  in  o t h e r  cases t o  lo c a l  
d i s a b i l i t i e s  a r i s i n g  f rom  m inor  i n j u r i e s .  The r e l a t i v e  sco res  on th e  
two c o n s e c u t i v e  t e s t s  on the  same day d id  n o t  y i e l d  any a d d i t i o n a l  
i n f o r m a t i o n .  I t  was an unexp la ined  f a c t  t h a t  t h e  r e l a t i o n s h i p  o f  the  
second t o  the  f i r s t  sco re  was l a r g e l y  c h a r a c t e r i s t i c  o f  t h e  i n d i v i d u a l .
The blood chemical and hematological f ind ings  were completely  
negat ive .
In the f i n a l  control  period when high prote in  d i e t  was given,  
no change in physical performance or chemical f ind ings was evident  
aside from the increased amount of  n itrogen in the u r ine .
In the high p ro te in  d i e t  group, the weekly averages of d a i l y  
prote in  intake ranged from 157 to  192 gm. compared to  95 to 113 gm. 
in the normal group (4-week average) .  The less a c t i v e  men in th is  
group tended to  f e e l  o v e r f u l l  and sleepy a f t e r  meals. Not a l l  th is  
e f f e c t  was necessar i ly  due to the high prote in  per se. Among the 
a v a i l a b l e  common foods, high pro te in  is associated w ith  considerable  
f a t .  As a r e s u l t  the t o ta l  c a lo r ic  intake in th is  group tended to be 
higher than necessary. The average gain in weight was 1.0 kg. No 
other  unusual symptoms were experienced. The physical f i t n e s s  tests  
showed a tendency to gradual improvement as in o ther  groups, which 
was l ikew ise  exp la inab le  by t r a in i n g .
The u r in a ry  excret ions o f  n i t rogen expressed as equ iva len t  
pro te in  are  138 gm. and 142 gm. d a i l y  f o r  the two 4-week periods.
The only change in chemical f ind ings was a tendency to  s l i g h t l y  
higher  NPN which was probably not very s i g n i f i c a n t .
I t  was concluded tha t  manual work must be l im i te d  to resu l ts  
appearing w i th in  the t ime l i m i t  of the te s t s ,  namely e igh t  weeks of  
the modified d i e t .  The p r a c t ic a l  imp l icat ions are th a t  under 
emergency condit ions ,  a d i e t  supplying about 50 gm, o f  p ro te in ,
c h i e f l y  from potatoes and grain products, is not compatible with the
health  of  phys ica l ly  a c t ive  young men.
15P i t t s  and others studied the e f fe c ts  of water,  s a l t ,  and 
glucose, w ith  p r inc ipa l  emphasis upon atta inment  of the best possible  
performance. Experiments were performed in the la te  f a l l  or w in ter
■it
in a heated room under hot,  dry (100°F, 30 per cent r e l a t i v e  humidity)  
and hot,  moist condit ions (95°F and 90°F, 83 per cent r e l a t i v e  
humidity) .  Six healthy f u l l y  acc limatized young men marched at  
least  three times a week a t  3 mph. Depending upon the sev er i ty  of  
the temperature and humidity,  which were constant in indiv idual  
ser ies  of  experiments, they marched anywhere from one to s ix  hours with  
a ten-minute rest  in each hour.
They found that  the best performance of f u l l y  acclimat ized
young men on a good d a i l y  d i e t ,  performing in te rm i t te n t  hard work in 
the heat,  was achieved by replacing hour by hour the water los t  in 
sweat and tha t  any amount of water considerably less than th is  leads 
in a matter o f  hours to serious in e f f ic ie n c y  and eventua l ly  to 
exhaustion. When water is a v a i la b le ,  i t  should not be forbidden on 
the t r a d i t i o n a l  ground th a t  during work i t  is bad fo r  one, but men 
should be encouraged to d r ink  to  capaci ty .  Even the toughest,  best  
acclimatized men s u f fe r  serious in e f f ic ie n c y  in a few hours while
C. P i t t s ,  R. E. Johnson, and F. C. Consolazio, "Work in
the Heat as Affected by Intake of Water,  S a l t ,  and Glucose," Am.
Jour . Phys io l . .  142:253, 1944.
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working hard without  water.  A case of  t rue  exhaustion from dehydration  
has been observed in a man marching f o r  s ix  hours a t  -20°F .
Replacement of  sa l ts  hour by hour under such circumstances 
had no demonstrable advantage. The best performance of i n te r m i t t e n t  
work in the heat is achieved by replacing s a l t  loss meal by meal.
The serum ch lor ide  remained remarkably constant in prolonged work in 
the heat ,  even in s p i te  of  profuse sweating provided the o v e r - a l l  
d a i l y  intake o f  s a l t s  with the meals was adequate.
Administra t ion  of glucose was o f  l i t t l e ,  i f  any, advantage 
when compared w ith  the great  b e n e f i t  o f  large amounts of  water .  With 
small doses of glucose (25 gm. of  glucose dissolved in about 30 ml. of  
water)  there  was a small but d e f i n i t e  advantage over experiments when 
no water  was perm it ted .  This could have been due to the small amounts 
of water  in which the glucose had to be dissolved before ingest ion.
Four ser ies  of  experiments on s ix  d i f f e r e n t  subjects ,  l i v in g  
dur ing the experiments on a d i e t  poor in p ro te in ,  were made by 
Krogh and L in d h a rd ^  to study the r e l a t i v e  value o f  f a t  and carbo­
hydrate  as a source of muscular energy. A l l  the ser ies  agreed in 
showing th a t  work is more economically performed on carbohydrate than 
on f a t .  When the work was s u f f i c i e n t l y  severe, the subjects performed 
i t  w ith  greater  d i f f i c u l t y  on f a t  than on carbohydrate and became much 
more t i r e d .  The d i f f e r e n c e  was thought to be due to  the waste of some 
energy from f a t .
^ A .  Krogh and J.  Lindhard, " R e la t iv e  Value of  Fat and Carbo­
hydrate  as Source o f  Muscular Energy," Biochem. J . ,  14:290, 1920.
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In another study by P i t t s ,  Consolazio, and Johnson,'^ three  
healthy young men were sub jec ts .  The experiment covered four  
successi-ve periods o f  a t  leas t  s ix  weeks in w inter  and s ix  weeks in 
spr ing,  1942-1943. The d ie ts  were n u t r i t i o n a l l y  complete but var ied  
from period to  period w ith  respect to level  o f  p ro te in .  Observation  
in each per iod f e l l  in to  three d i s t i n c t  categor ies:  (1)  observations  
on d i e t  and n u t r i t i o n a l  s t a t e ,  (2)  observat ion on physical f i tn e s s  
f o r  work in both temperate and hot environments, and (3) observations  
on metabolism.
Total c a l o r i c  in take  was not r e s t r i c t e d .  Control observations  
were made in October and November with the subjects on t h e i r  customary 
normal d i e t .  From November 30 to January 11, the d i e t  was high in 
f i r s t - c l a s s  prote ins w ith  corresponding reduction in carbohydrate.
From January 12 to March 6,  the d i e t  was sharp ly  r e s t r ic te d  in 
f i r s t - c l a s s  prote ins w i th  corresponding increase in carbohydrate.  
During t h is  per iod,  to avoid the possible i l l  e f fe c ts  o f  B-complex 
d e f ic ie n c y ,  10 gm. of Fleischmanl s dried brewers1 yeast  was
supplemented twice a week. A f t e r  March 6 ,  the subjects returned to
t h e i r  customary d i e t .  Specimens of ur ine were co l lec ted  f requent ly  
over 24-hour periods f o r  est imation of n i t rogen e xc re t io n .  Samples 
of  blood were drawn p e r i o d i c a l l y  from the subjects before  breakfast  
f o r  est imat ion of  plasma p ro te in .
C. P i t t s ,  F. C. Consolazio, and R. E. Johnson, "D ie ta ry
Prote in  and Physical F i tness  in Temperate and Hot Environments,"
J.  N u t r i t i o n . 27:497-508 ,  1944.
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In each d ie ta r y  period physical f i tn e s s  f o r  hard work was 
tested both under temperate and under simulated desert  and t rop ica l  
condit ions.  A fourth  subject subsisting at  a l l  times on a normal d i e t  
was included in a l l  physical f i t n e s s  measurements as a control against  
the e f fe c ts  o f  t r a in in g  and acc l im a t iz a t io n .
(a) Temperate environment. In th is  te s t  o f  stamina and 
cardiovascular  f i tn e s s  the subject ran on a motor-driven t readm il l  
at  7 mph. up an 8 .6  per cent grade e i th e r  u n t i l  he was exhausted or ,  
i f  not exhausted, f o r  f i v e  minutes. The environmental condit ions  
used to assess physical f i tn e s s  were 75°F~temperature, 50 per cent 
r e l a t i v e  humidity and CTmph. wind v e lo c i t y .  On the basis of duration  
of e f f o r t  and the sum of three pulse rates during recovery, a score in 
a r b i t r a r y  units  was ca lcu la ted .  A change in score of  about three or 
four points is s i g n i f i c a n t .  Each subject was given two such tests  in 
each d ie ta r y  per iod.
(b) Hot envi ronment. Performance in the heat was tested by 
prolonged marches on a t re a d m i l l .  Moist,  t ro p ica l  condit ions were 
simulated a t  95°F, 85 per cent r e l a t i v e  humidity,  and 5 mph. wind 
v e lo c i t y .  The subjects spent ten to twelve hours a week in the heated 
room. In a l l  tests  of  physical f i tn e s s  in the heat the grade was
2.5 per cent,  the speed 3 .5  mph. and the length of performance 1 hour 
and 20 minutes. The maximal length of marching in one day was f i v e  
hours. Sa l t  intake was adequate a t  a l l  t imes. Water intake was 
constant f o r  each subject from experiment to experiment and was a t  a
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l e v e l  wh ich had been found t o  s a t i s f y  t h i r s t  a t  a l l  t imes d u r in g  the  
p reced ing  normal p e r i o d .  F i tn e s s  was judged  f rom  te rm in a l  pu lse  r a te  
and r e c t a l  t em p e ra tu re ,  equal  w e ig h t  be ing  p laced on each o f  these 
f a c t o r s .
The e f fe c ts  o f  d ie t a r y  p ro te in  level  on re s p i ra to ry  metabolism 
were studied by a separate set of  experiments in each d i e t a r y  period  
under temperate (75°F, 50 per cent r e l a t i v e  humidity ,  and 0 mph. wind)  
and t ro p ic a l  (95°F,  85 per cent r e l a t i v e  humidity ,  and 5 mph. wind) 
cond i t ions .  For each set  of  observat ions,  the subject  came to the 
laboratory  in a fa s t in g  s t a t e  and rested whi le  ly ing  down f o r  a t  leas t  
one -ha l f  hour in the appropr ia te  room. His re s p i ra to ry  exchange was 
measured whi le  r e c l in in g ,  standing,  and marching ( a f t e r  reaching a 
steady s ta te )  on a motor-dr iven t re ad m i l l  a t  3 .5  mph. In order to  
make the physio logical  stresses on the heat d is s ip a t in g  mechanisms 
comparable, a grade of  8 . 6  per cent was used in the temperate room 
and a grade of  2 .5  per cent in the hot ,  humid room. Nitrogen in the 
ur ine  during the periods o f  r e c l in in g ,  standing, and marching was 
determined. A f t e r  completing the morning march, the subject  a te  a 
l a te  b reakfast  fo l lowed by lunch a t  the usual t ime.  These meals were
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appropr ia te  in p ro te in  content to  the p a r t i c u l a r  d i e t a r y  period and 
contained approximately tw o - th i rds  o f  the p ro te in  intake fo r  the day.  
One and a h a l f  hours a f t e r  lunch, th e -su b jec t  lay down again in the 
same room as in the morning and the exact  procedure of  the morning 
was repeated. The t o ta l  r e s p i r a to r y  exchange and non-prote in  R. 0. 
were c a lc u la te d .
I t  was noted tha t  the average pro te in  intake during the low 
prote in  period was 7& gm. per day. This was ca l led  "low pro te in  d i e t "  
because the subjects averaged over 100 gm. per day during both normal 
per iods.  Since the subjects were consuming 3 ,000 c a lo r ie s  per day 
and w i th  th is  c a l o r i c  intake i t  was very d i f f i c u l t  to  reduce prote in  
intake much below 76 gm- per day without  resor t in g  to h ighly  a r t i f i c i a l  
d i e t s .  Ur inary  ni trogen excre t ion  was highest during the high prote in  
period and lowest during the low prote in  per iod.  Changes in weight  
were small but maximal weight was a t ta in e d  during the high pro te in  
pe r i od.
Physical f i t n e s s  under temperate condit ions showed no changes 
a t t r i b u t a b l e  to  d ie t a r y  p ro te in  l e v e l .  Two subjects and the control  
showed a steady improvement from the s t a r t  of the observations  
through the low pro te in  period and th is  was believed to be a t ra in in g  
e f f e c t  r e s u l t in g  from the high level  of the physical a c t i v i t y  o f  the 
subj e c t s .
A l l  subjects-  in the hot environment showed an improvement in 
performance dur ing the f i r s t  two or three periods and th is  was 
bel ieved to  be the residual a c c l im a t i z a t io n  process. There were no 
changes in performance a t  e i t h e r  95°F and 85 per cent humidity,  or  
110°F and 25 per cent humidity ,  which are a t t r i b u t a b l e  to d ie t a r y  
pro te in  l e v e l .  In o ther  words, d i e t a r y  prote in  may be maintained at  
any leve l  between 75 and 150 gm. per day f o r  periods of  a t  leas t  s ix  
weeks w ithout  a f f e c t i n g  performance in a physical t e s t  which may
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increase the pulse ra te  by s ix t y  or more beats per minute and ra ise  
the r e c ta l  temperature by three or more degrees Fahrenheit .
Metabolism whi le  r e c l in in g  and while  standing was not s i g n i f i ­
cant ly  d i f f e r e n t  in the high and low prote in  per iods.  Metabolism 
while  marching was s l i g h t l y  lower in the low pro te in  per iod but as 
judged by actual performance in the heat ,  th is  was a p h y s io lo g ic a l ly  
i n s i g n i f i c a n t  change.
For periods of a t  leas t  s ix  weeks, d i e t a r y  p rote in  level may 
vary w ide ly  (from 75 to 150 gms. a day) without  a f fe c t i n g  physical  
f i tn e s s  f o r  in te r m i t t e n t  work e i t h e r  under temperate or under hot 
condit ions.  Since a high prote in  d i e t  is pre fer red  by most workmen, 
i t  should not be proh ib i ted  on the basis of e f fe c ts  on physical f i t n e s s  
or heat d i s s ip a t io n .  However, in the special case where water supply
is l im i te d ,  a high prote in  d i e t  is c o n t r a - in d ic a te d .
18Barborka, F o l t z  and Ivy studied the "R e la t io nsh ip  Between 
Vitamin B'-Complex Intake and Work Output in Trained Subjects ."  Four 
subjects who had been e x is t in g  on a c o n t r o l le d ,  adequate d i e t  and 
who had been t ra ine d  on the b icyc le  ergometer f o r  from nine months 
to one year were placed on a d i e t  d e f i c i e n t  p r i n c i p a l l y  in the 
vitamin B-complex. The recommended d a i l y  al lowances f o r  the var ious  
d ie t a r y  ess en t ia ls  (prescribed by the Food and N u t r i t io n  Board of  the  
National Research Council)  were set up to serve as a guide fo r  planning
18
C. J .  Barborka, E. E. F o l t z ,  and A. C. Ivy ,  "R e la t io nsh ip  
Between Vitamin B-Complex Intake and Work Output in Trained Sub je c ts ,"  
J. A. M. A . ,  122:717-720, 19^3.
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adequate n u t r i t i o n  fo r  the c i v i l i a n  population o f  the United States.
They used in adequate con tro l led  d ie ts  (during the t ra in in g  period 
and establishment of the plateau level o f  work output) 1.8 mg. of 
thiamine and 2 .7  mg. of r ib o f l a v i n ,  which are recommended d a i ly  amounts 
of these special nu t r ie n ts  fo r  moderately ac t ive  men in health.
The d e f i c ie n t  d i e t  was composed of common food and the menus 
were such as might be found on the tab les  of about one - th i rd  or more 
of the population of the United States.  The d e f i c i e n t  d ie ts  used 
contained approximately 0 .65  mg. of thiamine and 0.94 mg. of 
r ib o f la v in  which is about one - th i rd  o f  the recommended d a i l y  requ ire ­
ment.
During the e ighty- two days on the d e f i c ie n t  d i e t ,  the subjects  
developed i r r i t a b i l i t y ,  easy f a t i g a b i l i t y ,  lack o f  pep, anorexia,  and 
increased in leg pain dur ing the work periods, but at  no time did they  
develop any ob jec t ive  physical  signs o f  vitamin B-complex de f ic iency .
Subject ive symptoms o f  f a t ig u e ,  i r r i t a b i l i t y ,  lack of  pep, 
anorexia,  and leg pains a l l  disappeared and work output returned to  
normal or b e t te r  w i th in  a few days fo l low ing  supplementation of 
vi tamin B-complex (yeast concentra te ) .
Vitamin B-complex supplementation added to a v i tamin B-complex
inadequate d i e t  restored work output to e f f i c i e n t  leve ls .
19In a study by Wald, Brouha and Johnson, a f t e r  t h i r t y  days o f  high 
19G. Wald, L. Brouha, and R. E. Johnson, "Experimental Human 
Vitamin A Defic iency and A b i l i t y  to Perform Muscular Exercise,"  Am.
Jour. Ph ys io l . .  137:551-556, 1942.
vi tamin A n u t r i t i o n  (75 ,000 I .U .  d a i l y ) ,  f i v e  young men were maintained 
on a d i e t  extremely low in v i tamin A f o r  a per iod of about s ix  months. 
A f t e r  the subjects had been on the d e f i c i e n t  d i e t  fo r  th ree  to  four  
and a h a l f  months, t h e i r  a b i l i t y  to  perform moderate and heavy muscular 
exerc ise  was determined with  the standard f a t ig u e  laboratory  t re ad m i l l  
t e s t ;  15~minute walk a t  3 .5  mph. on an 8 . 6  per cent grade; ten minutes 
re s t ;  run to  exhaustion or up to f i v e  minutes a t  7 mph. on an 8 . 6  per 
cent grade; and recovery fol lowed f o r  20 minutes a f t e r  the run. At
the close of the period on the vi tamin A-low d i e t ,  the subjects
returned to  a normal d i e t  supplemented with  v i tamin A. A f t e r  a t  least
s ix  weeks o f  t h is ,  they were tested on the t readm i l l  as before .
In measurements of  react ion  to  moderate muscular work (w a lk ing ) ,  
while  the subjects were on the vi tamin A-low d i e t ,  no s i g n i f i c a n t  
d i f fe re n c e s  from normal appeared e i t h e r  during or fo l low ing  mild  
muscular work. S p e c i f i c a l l y  there was p r a c t i c a l l y  no d i f f e r e n c e  
between these and the p o s t -d e f ic ien cy  measurements with  respect to  
heart  ra te  during and a f t e r  the walk; blood pressure a f t e r  the walk;  
and v e n t i l a t i o n ,  oxygen consumption, re s p i ra to ry  quot ient  and blood 
l a c t a te  during the walk.
The d e f i c ie n t  d i e t  appeared to have no s i g n i f i c a n t  e f f e c t  on 
the a b i l i t y  to perform exhausting exerc ise  of  short durat ion  ( running) .  
S p e c i f i c a l l y ,  there  were no d e f i n i t e l y  s i g n i f i c a n t  d i f fe renc es  between 
the d e f ic ie n c y  and p o s t -d e f ic ie n c y  measurements o f  durat ion  of e f f o r t ;  
heart  ra te  during and a f t e r  the run; v e n t i l a t i o n ,  oxygen consumption
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and resp i ra tory  quot ient  during the run; and blood la c ta te  immediately 
a f t e r  the run.
A t h l e t i c  t ra in e rs  have long been besieged with the age-old 
problem of what to feed t h e i r  a th le te s  before a contest.  The so-cal led  
stand-by meal consis ting of  a beef p a t t i e  or steak, a baked potato,  
dry toast  and tea ,  has brought complaints from the a th le te s  about 
being sluggish during the game, becoming o v e r - t i r e d  quicker than 
normal, and being nauseated. During recent years, there has been 
considerable success reported with the use of l iq u id  n u t r i t i o n  as a 
sub s t i tu te  fo r  the pre-game meal in a l l  sports.
The conventional meal mentioned e a r l i e r  is not completely  
balanced in regard to our n u t r i t i o n a l  tab les .  There are several  
shortcomings, e s p e c ia l ly  in the provision of  f a ts  and thus f a t - s o lu b le  
vi tamins.  This type o f  meal w i l l  provide between 450 and 500 ca lo r ies  
of  energy f o r  body use when i t  is d igested.  The d iges t ive  process 
fo r  a meal of  th is  type w i l l  require  approximately e ight  to twelve  
hours. Th is ,  in tu rn ,  means th a t  the a t h le te  w i l l  have an increased 
blood f low to  the d ig es t ive  t r a c t  fo r  th is  period o f  t ime and, of  
course, a decreased blood supply to the rest  of the body. Also, with  
the conventional meal, the subject runs the danger of nausea due to 
the extra  time needed fo r  d igest ion  of  so l id  food.
In the case of  l iqu id  n u t r i t i o n ,  most of  the object ionable  
features  of  the so l id  meal are removed. By using th is  type of  
n u t r i t i o n ,  the a th le te s  rece ive a wel l-balanced d i e t  of  400 to 420
V
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ca lo r ies  which provides more than 33 per cent of the day's n u t r i t io n a l  
needs. I t  is also a meal which is e a s i l y  digested.  The so l id  meal 
takes e ight  to twelve hours to d iges t ,  whereas, the l iq u id  meal is 
digested and moved out of the d ig e s t iv e  t r a c t  in about one -ha l f  of  
th i s t  i me.
20Andrews did a study to  determine i f  a basic l iq u id  d i e t  
which reduced the to ta l  c a lo r ic  intake of  the Indiv idual  would have 
any e f f e c t  on the strength,  steadiness, pulse rate  a f t e r  exerc ise ,  
and number memorization of a group of  boys, aged fourteen to eighteen.  
In an attempt to discover what e f fe c ts  a basic l iqu id  d i e t  would have 
on the physiological and mental capac i t ies  of  the boys, a reduced 
c a lo r ic  intake of 1,595 ca lo r ies  was prescribed f o r  21 days, or u n t i l  
such t ime as d i s c i p l i n e ,  hea l th ,  or unforeseen maladies might a t tack  
the experimental group.
The experimental group consisted of 23 boys picked a t  random 
from voluntary  groups o f  303 in d iv id u a ls ,  and a control group was 
picked from the remaining volunteers .
The number of c a lo r ies  used in th is  d ie t a r y  study was determined 
by the number of c a lo r ie s  contained in the l iqu id  d i e t  used. Each can 
of l iq u id  n u t r i t i o n  contained 418 c a lo r ie s .  I t  was suggested by the 
company producing the l iq u id  d i e t  that  roughage be supplemented to  
guard against const ipa t ion .  Five d ie ta r y  crackers,  one orange, one
20Sidney Andrews, " E f fe c ts  o f  Liquid D ie t  on Physical and 
Mental C a p ac i t ies ,"  (excerpts from Doctoral d is s e r t a t io n ,  Un ive rs i ty  
of Denver, 1966).
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apple and two carro ts  per day were used as roughage. Three cans of  
the l iq u id  d i e t  produced 1,254 c a lo r ie s ,  w ith  the roughage upping the 
to ta l  intake to 1,579— well  w ith in  the safe c a lo r ic  content l i m i t  
indicated by research.
The major muscles, cardiovascular  and nervous systems were 
tested.  In a d d i t io n ,  number memorization was assessed in an attempt  
to determine the e f fe c ts  r e s t r ic te d  d i e t  might have on the in d iv id u a l 's  
responses in th is  area.
The two groups were tested before the study a c t u a l l y  began and 
there were no s i g n i f i c a n t  d i f fe rences  between the two groups in the 
factors  being studied.  A f t e r  twenty-one days of the control d i e t ,  the 
two groups were re - tes ted  fo r  the same var iab les  and i t  was found that  
there were s i g n i f i c a n t  d i f fe rences  between the two groups. I t  was 
concluded that  the s i g n i f i c a n t  changes experienced during the study 
were due to the d i f f e re n c e  in the d i e t .  The experimental group using 
the l iq u id  d ie t  performed s i g n i f i c a n t l y  b e t t e r  than the control group
in a l l  fac tors  tested .
21Dr. Ken Rose, in a research study with the Un ive rs i ty  of  
Nebraska fo o tb a l l  team found Sustazen, a l iqu id  n u t r ie n t  produced by 
Mead Johnson Laborator ies ,  an ideal su b s t i tu te  fo r  the t ra d i t io n a l  
pre-game meal. Sustazen beverage taken several hours before game time 
was digested before opening k i c k - o f f ,  providing the players with
21 K. D. Rose, "Pre-Game Emotional Tension G as t ro - in tes t in a l  
M o t i l i t y  and the Feeding of  A t h le t e s , "  Nebraska State  Medical Journal , 
45:575-579 (December, 1960).
b e n e f i t s  of  th is  n u t r i t i o n a l l y  complete food. I t  was reported t h a t
muscle cramps and pre-game and game time vomiting were e l im in a te d .
Weight remained constant;  s t rength  and endurance were improved. i t  
appeared t h a t  a l i q u i d ,  c a l o r i e - r i c h  pre-game meal is p h y s io lo g ic a l l y  
sound, and i t  is recommended f o r  use by a l l  a t h le te s .
111. REVIEW OF STUDY REGARDING INCIDENCE OF INJURIES
TO FOOTBALL PLAYERS AT LOUISIANA STATE UNIVERSITY
OVER A FOUR-YEAR PERIOD
The author did a fo u r -y e a r  study, 1955 through 1958, f o r  h is
Master of Science t h e s is ,  on the incidence of t reatment to  in jured
v a r s i t y  f o o t b a l l  p layers  a t  the pos it ions  o f  end, i n t e r i o r  lineman,
22and backfieldman.
The data were obtained from the records of  T r a i n e r ' s  O f f ic e  
a t  Louisiana S ta te  U n iv e r s i t y ,  Baton Rouge, Louis iana.  A l l  t reatments  
o f  i n ju r i e s  of  a major nature  to f o o t b a l l  p layers  were recorded. Minor" 
i n ju r i e s  such as t reatment  of  b l i s t e r s ,  small abrasions,  minor bru ises  
and minor s t r a in s  were not recorded.
The v a r s i t y  t r a v e l i n g  squad a t  Louisiana Sta te  U n iv e rs i ty  was 
c l a s s i f i e d  in to  three  groups according to the pos it ions  o f  end, 
i n t e r i o r  l ineman, and backfie ldman. One hundred f i f t y - o n e  subjects
22M art in  J.  Broussard, “ Incidence of Treatment of  In ju r i e s  t o  
V a rs i ty  P la y e r s , "  (unpublished Master 's  t h e s is ,  Louisiana State  
U n iv e r s i t y ,  Baton Rouge, I 9 6 0 ) .
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took  p a r t  in  the  s tudy  ov e r  a f o u r - y e a r  p e r io d  w i t h  a t o t a l  o f  4 ,397 
t re a tm e n ts  g i v e n .  The t o t a l  number o f  t imes over  a f o u r - y e a r  p e r io d  
the ends rece ived  t r e a tm e n t ,  the t o t a l  number o f  t imes the  l inemen 
rece ived  t r e a tm e n t ,  and t h e  t o t a l  number o f  t im es the back f ie ldm en  
rece ived  t re a tm e n t  were re co rded .  These t o t a l s  were used as the b a s is  
o f  compar ison o f  the  in c id e n c e  o f  t r e a tm e n t  o f  i n j u r i e s  f o r  the 
v a r io u s  p o s i t i o n s .
I t  was concluded t h a t  there was no proport ional  d i f f e r e n c e  in 
the incidence of  treatment o f  in ju ry .  No one pos i t ion  received any 
more treatment f o r  i n ju r ie s  in proportion to  the number of players  
p a r t i c ip a t i n g  than any o ther  pos it ion  over a fo u r -y ea r  per iod.  The 
number o f  treatments for  i n j u r i e s  f o r  any one season may be out of  
proport ion to the to ta l  number of p layers p a r t i c i p a t i n g .  There is a 
r e la t io n s h ip  between the incidence of  treatment to i n j u r i e s  and the  
number o f  games won. There are  fewer treatments given to players  
during a winning season than during a losing season.
CHAPTER I I I
PROCEDURE AND COLLECTION OF DATA
I .  INTRODUCTION
To eva luate  the benef i ts  of c i t r u s  b iof lavonoid as an aid in 
preventing and treatment of a t h l e t i c  i n ju r ie s ,  a double-bl ind study 
was conducted during the 1962 fo o tb a l l  season a t  the Louisiana State  
Universi t y .
F o r ty -e ig h t  v a r s i ty  fo o tb a l l  p layers a t  Louisiana State  
Un ive rs i ty  during the 1962 season were used in the study. T h i r t y - f i v e  
were p laying members of the v a r s i t y  squad; t h i r t e e n  p a r t ic ip a te d  in 
every p rac t ice  but did not play in games. The subjects were arranged 
randomly into  two groups on a matched player basis .  Throughout the 
pre-season pract ices  and during the regular  season, each player  
received three g e la t in  capsules d a i l y ,  two before the noon meal and 
the th i rd  a t  s u i t -up  time. Capsules containing 300 mg. o f  lemon-orange 
f lavonate  glycoside (a c i t r u s  b iof lavonoid  complex) were dispensed to 
Group B. The capsule dispensed to Group A contained 300 mg. o f  lactose,  
a placebo formulat ion .
A d e ta i le d  descr ip t ion  of the nature of the in ju ry ,  the 
s e v e r i ty  and the treatment was recorded. A comparison of  in ju r ie s  
and treatment received by Groups A and B was made. A l l  in ju r ie s  were 
described as to  locat ion ,  type and s ev er i ty  a t  the time of  occurrence.
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I I .  PROCEDURE
Representatives of Sunkist Growers, Pharmaceutical Products,  
Ontario,  C a l i f o r n ia  were contacted to fu rn ish  the formulations fo r  
the study. Dr. Francis Drury, major professor,  Dr.  Louis Rusoff,  
minor professor,  Dr. Harold Voss, Team Physician,  and the author met 
with representatives to organize the study.
The procedure included the se lect ion  of subjects ,  medication  
dosage and dispensing, experimental per iod,  and recording of in ju r ie s .
I I I .  SELECTION OF SUBJECTS
This study was conducted during the fo o tb a l l  season s t a r t in g  
September 1, 1962 and ending November 24, 1962. Subjects used were 
f o r t y - e i g h t  male students from the sophomore through the senior  
classes inc lus iv e ,  enro l led  a t  Louisiana State  U n iv e rs i ty .  They were 
a l l  a c t ive  p a r t ic ip a n ts  of the v a r s i t y  fo o tb a l l  squad; t h i r t y - f i v e  
were members o f  the t ra v e l in g  squad. The remainder were members of  
the scout squad (a lso v a r s i t y  squad members) who did not p a r t ic ip a t e  
in any games. The study included s i x t y - e ig h t  p r a c t ic e  sessions and 
ten games. There was equal d i s t r i b u t io n  in the number of ends, 
t ack les ,  guards, e tc .  in each group. The f o r t y - e i g h t  players were 
arranged on a matched player  pos i t ion  basis .
IV.  PROCEDURE FOR ADMINISTRATION OF BIOFLAVONOID AND PLACEBO
A student t r a i n e r  dispensed the capsules w i th  a cup o f  water
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(8 o z . )  to make ce r ta in  each player took the formulat ion.  Throughout 
the pre-season pract ices and during the regular  season, each player  
received three s o f t  g e la t in  capsules d a i l y - - t w o  before the noon meal 
and the th i rd  a t  su i t -up  t ime. The only person having a knowledge of  
the chemical composition given the players was Dr. Louis Rusoff.  A l l  
data were co l lec ted  and analyzed before Dr. Rusoff revealed the 
composition o f  the two capsules. This was done to  prevent any biased 
opinions a f fe c t in g  the descr ip t ion  and treatment of the in ju r i e s .
V. COMPOSITION OF CITRUS BIOFLAVONOID AND PLACEBO
Capsules containing 300 mg. of  lemon-orange f lavonate  
glycoside (a c i t r u s  b iof lavonoid complex) were dispensed to  Group B.
The capsules dispensed to Group A contained 300 mg. of lactose,  a 
placebo formulat ion .  Both capsules were s im i la r  in appearance and 
tas te .
V I .  COLLECTION OF DATA
A l l  in ju r ie s  were described as to loca t io n ,  type and sever i ty  
at  the time o f  occurrence and recorded on in ju r y  forms. Each 
fo o tb a l l  player  received a thorough physical examination one day 
before the s t a r t  of  the fo o tb a l l  season. Records of physical  
examinations were a v a i la b le  and studied but were not used in the study.
The purpose of the study was to  eva luate  c i t r u s  b iof lavonoid as 
an aid in the prevention and treatment of a t h l e t i c  in ju r i e s .  The
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e v a lu a t io n  was made through th ree  types o f  observa t ions .  The f i r s t  
type  of  observat ion  involved checking a l l  p layers  f o r  minor i n j u r i e s  
( s k in  abras ions ,  b l i s t e r s ,  muscle cramps, e t c . ) ,  a f t e r  each p r a c t i c e  
and record ing the f in d in g s .  (See Appendix A . )  Diagnosis o f  a minor  
i n ju r y  was recorded along w i th  the nature  of  t reatment  and s e v e r i t y  
o f  i n j u r y .  The second type of observat ion  d e a l t  w ith  i n j u r i e s  which 
needed con s id e rab le  t re a tm e n t .  D e scr ip t ion  and prognosis o f  in ju r y  
were made a t  t ime o f  f i r s t  examinat ions.  (See Appendix B . )  The 
t h i r d  type o f  observat ion  was made where the d a i l y  t rea tm ent  and 
prognosis o f  the more severe i n j u r i e s  was recorded as in observat ion  
two. (See Appendix C.)
In o r d e r  to  increase r e l i a b i l i t y  of  the var ious observa t ions ,  
a d e s c r i p t i v e  vocabulary  was developed. Other than those i n j u r i e s  
in which bones were f r a c t u r e d ,  a l l  i n j u r i e s  were c l a s s i f i e d  as e i t h e r  
a contusion or  a s p r a in ,  or  a combination o f  both.  A l l  i n j u r i e s  were 
described as to type and s e v e r i t y .
A contusion can be def ined  as an i n ju r y  to  t issues  w i thou t  
breakage or l a c e r a t io n  o f  the s k in — a b ru is e .  This type o f  in ju r y  
r e s u l t s  in c a p i l l a r y  or  vascu la r  rup ture  and in i n f i l t r a t i v e  type of  
bleed ing  fo l low ed  by edema and inf lammat ion.  The r e s u l t in g  local  
s w e l l in g  may be s u p e r f i c i a l  or deep, depending on the n a tu re  o f  the  
blow and the  lo c a t io n  o f  the i n j u r y .
In t h i s  study degrees o f  contusion i n j u r i e s  are  descr ibed by 
the  f o l lo w in g  vocabulary:
1. Mi n i tnal. Very s l ig h t  s w e l l ing ,  very l i t t l e  pain ,  possible
s l i g h t  d isco lora t ion  and l im i ted  c a p i l l a r y  damage.
2. Mi I d . A l i t t l e  swel l ing,  s l i g h t  pain ,  a l i t t l e  d isco lo ra ­
t io n  and a l i t t l e  more than minimal c a p i l l a r y  damage.
3. Moderate. Noticeable sw e l l in g ,  in jured area tender and
p a i n f u l ,  more d isco lo ra t ion  with some subcutaneous 
hemorrhage and moderate t issue  damage.
4.  Severe. Considerable sw e l l ing ,  very p a in fu l ,  extensive
vascular  damage, and subcutaneous hemorrhage with extensive  
t is s u e  d isco lora t ion .
A sprain can be def ined as the  abnormal s t re tch ing  or p a r t ia l  
rupture of j o i n t  l igaments or th e i r  attachment caused by wrenching or  
tw is t ing  and resu l t ing  in ef fusion,  p a in ,  sw el l ing ,  and disablement of  
the injured j o i n t .  Abnormal motion beyond the e l a s t i c  l i m i t  of a 
l igament w i l l  cause a spra in .
In t h is  study, degrees of spra in  in ju r ie s  are described by the 
fo l lowing vocabulary:
1. M in imal . Very l i t t l e  s w e l l in g ,  s l ig h t  pain, possibly some
d is c o lo ra t io n  but no loss of j o i n t  funct ion .
2. M i l d . Local tenderness, l im i te d  sw el l ing ,  s l i g h t
d is c o lo ra t io n  and some hemorrhage w i th in  the j o i n t .  In 
t h is  degree o f  sprain, a few l igament f ib e rs  have been 
torn  but w ithout  funct ional  loss.
3. Moderate. Very tender j o i n t ,  qui te  p a in fu l ,  d i f fused
sw el l ing ,  a r is e  in local temperature, inflammation,  
considerable d isco lo ra t io n  and l im i ted  movements.
General ly ,  a ligament is torn and some degree of funct ional  
loss is ev ident.  
k .  Severe. Extreme tender j o i n t ,  very p a in fu l ,  extensive  
sw el l ing ,  elevated local temperature, considerable  
d isco lo ra t ion  and complete or near ly  complete loss o f  
funct  i on.
5. Muscle pu 11 s . The term a p p l i e s  t o  an i n j u r y  t o  th e  muscle 
when the  muscle i s  fo rce d  beyond i t s  expansion l i m i t a t i o n .  
In t h i s  s tudy  the degrees o f  a p u l l e d  muscle are  desc r ib ed  by 
the f o l 1owi ng:
1. Minima1. No sw el l ing ,  s l i g h t  pain but no loss of funct ional
1ocomot i on.
2.  M i ld . Local tenderness, l im i ted  sw el l ing ,  s l ig h t  d isco lo ra ­
t ion  and some hemorrhage around injured area . In th is  
degree of  “ p u l l "  a few muscle f ib e r s  are torn without  
funct ional  loss.
3. Moderate . Very tende r  area,  s w e l l i n g ,  r i s e  in  lo ca l
temperature, considerable d is c o lo ra t io n  and l im i ted  
func t io n .  General ly ,  a considerable number of  muscle 
f ib e r s  have been torn and near ly  complete loss of  
funct ion to the muscle re s u l ts .  
k .  Severe. Extreme tender area, very p a in f u l ,  extensive
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swel l ing ,  elevated local temperature, considerable  
d is c o lo ra t io n ,  and complete loss of  muscle funct ion  
is ev ident .  Many muscle f ib e rs  have been torn.
Using the d e s c r ip t iv e  vocabulary each time the player reported 
f o r  t reatment,  a descr ip t ion  of the nature of in ju ry  was recorded as 
well  as the t reatment.  A f t e r  the season had been completed, a l l  the 
observations were c l a s s i f i e d ,  to ta le d ,  and recorded on a master 
chart .  (See Appendix D.)
CHAPTER IV
ANALYSIS OF DATA
Two analyses o f  the data were made. In the f i r s t  ana lys is ,  
the t o t a l  number of  days los t  f o r  each group, to ta l  number of  
contusions and spra ins,  t o ta l  number, of t reatments ,  and the t o ta l  
number o f  in ju r i e s  in each s ev er i ty  c l a s s i f i c a t i o n  were analyzed.
In the second ana lys is ,  the data were grouped according to the nature ,  
lo c a t io n ,  the month the in ju ry  occurred and the days lo s t  from 
p r a c t ic e  fo r  each in ju r y .  No attempt was made to draw conclusions  
u n t i l  both analyses were made, and then the conclusions or g e n e ra l i z a ­
t ions  were based upon a sub jec t ive  ana lys is  of the complete p ro je c t .
Data gathered on f o r t y - e i g h t  members o f  the v a r s i t y  f o o t b a l l  
squad a t  Louisiana State  U n iv e rs i ty  during the 1962 season were used 
in th is  study. In j t h e  treatment  o f  da ta ,  every p layer  who p a r t ic ip a te d  
in v a r s i t y  f o o t b a l l  during the 1962 season and who made the t r a v e l in g  
squad was considered as one sub jec t .  The in ju r y  data were compiled 
from the record forms. The types o f  in ju r ie s  were tabu la ted .  The 
number of in ju r i e s  and the durat ion  of the in ju r ie s  in days was a lso  
tabulated  f o r  both Groups A and B. The number of  p layers  involved in 
each in ju r y  category was a lso t o t a le d .  I n ju r i e s  occurring in November 
were t re a te d  u n t i l  completely recovered, thus the study was ca r r ied  
out u n t i l  a l l  subjects were recovered and not stopped immediately a f t e r  
the l a s t  game which took place November 2k,  1962.
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A to ta l  o f  f o r t y - e i g h t  subjects took p a r t  in the 78-day study.  
Group A contained tw en ty - four  subjects and did no t  receive a supplement 
of  c i t r u s  b io f la v o n o id .  Group B contained tw en ty - fo u r  sub jects  and 
received 900 mg. of  c i t r u s  b io f lav o n o id  d a i l y .  S ix  hundred (600) mg.,  
two capsules, were taken a t  the noon meal and 300 mg., one capsule,  
was taken o n e -h a l f  hour b e fo re  p r a c t ic e  or before  b a l l  game t ime.
Table  I shows the number of poss ib le  sub jec t  f o o t b a l l  days. A 
subject  f o o t b a l l  day is e i t h e r  a p r a c t i c e  or a game day. The number 
in the f i r s t  column was der ived  by m u l t ip ly in g  th e  number of  subjects  
(24) by the number of p r a c t i c e  days p lus  game days (7 8 ) .  Because of  
a number o f  severe in ju r i e s  t h a t  occurred to severa l  subjects  in both 
groups, the i n v e s t ig a t o r  f e l t  that  i t  would not be p r a c t i c a l  to use 
1872 as the t o t a l  subject days. The nature  of these severe in ju r ie s  
was such th a t  no type of food supplementation would have prevented  
these i n j u r i e s .  The days t h a t  these severe ly  in ju re d  subjects  took 
par t  in p r a c t i c e  and games p r i o r  to t h e i r  in ju r y  were used in the  
study.
The t o ta l  number of  subject  days,  shown in column two of  
Table I ,  was used as the base f ig u re  in the computation of percentages  
f o r  the ana lys is  o f  the d a ta .
Column th re e  in Tab le  I shows the  number o f  subject days los t  
due to severe i n j u r i e s .  No attempt w i l l  be made to  compare the two 
groups by means o f  these f ig u r e s  because the in v e s t ig a t o r  f e l t  tha t  
these i n j u r i e s  were too severe to be influenced by any d i e t  supplement.
k l
TABLE 1
NUMBER OF SUBJECT FOOTBALL DAYS FOR FOOTBALL SEASON AND NUMBER 
OF SUBJECT FOOTBALL DAYS LOST FROM FOOTBALL SEASON 
DUE TO SEVERE INJURIES OF VARSITY FOOTBALL 
PLAYERS DURING 1962 FOOTBALL SEASON
Group
Total  Possible 
Subject  
Footba l l  Days
Total  
Subj ect  
Days
Days Lost 
Due to  
Severe In ju r ie s
A (N=24)
Control 1872 17^6 126
B (N=»24)
B i of 1 avonoid 1872 1809 63
As ind ic a ted  in Table  l i ,  the sub jects  who did  not rece ive  the  
supplement missed a t o t a l  o f  121 days more o f  p r a c t i c e  and games than 
those who received i t .  The percentage o f  sub jec t  f o o t b a l l  days lo s t  
due to  minor i n j u r i e s  in the exper imental  group was 5 . 1 ;  whereas,
8 . 6  per cent o f  the sub jec t  f o o t b a l l  days were lo s t  due to  minor  






DAYS LOST DUE TO MINOR INJURIES OF 
DURING THE 1962 FOOTBALL SEASON
Total Number o f  Days
Group Subj ec t Lost Due to  P e rc en tag e -
Days Minor I n j u r i e s
A (N=2*f)
Control 17*4-6 151 8 . 6
B (N=24)
B io f la vono id 1809 93 5.1
As shown in Tab le  i l l ,  the  number o f  p layers  in ju red  was 
approx im ate ly  the same f o r  Group A and Group B, but the t o t a l  number 
o f  i n j u r i e s  was cons iderab ly  l a r g e r  in Group A than those received in 
Group B. As to  the d i f f e r e n c e  in the n a tu re  o f  i n j u r i e s ,  i t  appears 
t h a t  the sub jec ts  in Group A were more s u s c e p t ib le  to  sprains than 
the  subjects  in Group B. I t  had been accepted by the t r a i n e r  and 
d oc to r  t h a t  some boys a re  more prone to  i n j u r i e s  than o th e rs .  As a lso
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indicated in Table I I I ,  the same trend seems to appear to a much lesser  
degree with the contusions.
TABLE 1 11
NATURE AND INCIDENCE OF INJURIES RECEIVED BY THE L.S.U.  VARSITY 
FOOTBALL PLAYERS DURING THE 1962 SEASON WHO RECEIVED THE 
CITRUS BIOFLAVONOID AND THOSE WHO BHD NOT RECEIVE 
THE CITRUS BIOFLAVONOID
Group
Number of  
Subj ects 
1 nj u red
Contusions Sprains Total
I n ju r ie s
A (N=24) 
Control 13 27 28 55
B (N=24)
Cit rus Bioflavonoid 14 23 14 37
Table IV shows the s ev er i ty and number of in ju r ie s received by
the two groups. Each in ju ry  was c l a s s i f i e d  as being minimal,  mild ,  
moderate or severe, according to the terminology established p r io r  to 
the study.
As shown in Table I I I ,  Group A received more in ju r ie s  in both 
c l a s s i f i c a t i o n s  than Group B, although the to ta l  number of subjects  
in jured was approximately the same f o r  both groups. This trend appears 
to  be the same in the contusions c l a s s i f i c a t i o n  as well  as in the  
sprains c l a s s i f i c a t i o n .  To fu r th e r  analyze th is  p a r t i c u la r  phenomenon,
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TABLE IV
SEVERITY OF INJURIES RECEIVED BY THE L.S .U .  VARSITY FOOTBALL PLAYERS 
DURING THE 1962 SEASON WHO RECEIVED THE CITRUS BIOFLAVONOID AND 
THOSE WHO DID NOT RECEIVE THE CITRUS blOFLAVONOID
Group Severi ty 
of  
In ju r y
Contusions
Per cent  




Per cent  
of Total  
Number of  
Sprains
A (N = 24) Mi n ima1 0 0 2 7
Control
Mi Id 8 30 8 29
Moderate 19 70 17 60
Severe 0 0 1 4
Tota ls : 27 28
B (N -  24) M i n i ma1 0 0 2 14
B i o f 1avonoid
Mi Id 9 39 5 36
Moderate 13 . 57 6 43
Severe 1 4 1 7
T o ta ls : 23 14
the data in Table IV were considered. This ta b le  shows th a t  the nature  
of the s e v e r i t y  o f  the in ju ry  did not  vary much between the two groups, 
as did the incidence of  in ju ry .  This would ind ica te  to  some e x ten t  tha t  
the large d i f f e r e n c e  in the number o f  sprains between the two groups 
was probably due to e i t h e r  chance or in ju ry  prone sub jects .  T h i r t y  
per cent of the contusions received by Group A were e i t h e r  c l a s s i f i e d  
as minimal or m i ld ,  whereas 39 per cent of the contusions in Group B 
were c l a s s i f i e d  as minimal or mild .  In the moderate and severe 
category , Group A had 70 per cent,  whereas Group B had 61 per cent of  
contusions c l a s s i f i e d  as moderate and severe. Table IV ,  page 45,  also  
ind icates  tha t  36 per cent of the sprains received by Group A were 
e i t h e r  c l a s s i f i e d  as minimal or m i ld ,  whereas 50 per cent of the  
sprains in Group B were c la s s i f i e d  as minimal or mild .
There appears to be no advantage o f  c i t r u s  b iof lavonoid Group B 
over placebo Group A in regard to the number of severe sprains.
Extending the analysis  f u r t h e r ,  in Group A 64 per cent o f  the sprains  
were c l a s s i f i e d  as moderate or severe,  whereas 50 per cent in Group B 
received a s i m i l a r  c l a s s i f i c a t i o n .
As an o v e ra l l  view of  the data was taken, i t  appeared tha t  
there was l i t t l e  value in the c i t r u s  b iof lavonoid  supplementation in 
reduction of  the s e v e r i ty  o f  sprains and durat ion  of t reatment.  The 
data ind ica te  th a t  there was a very s l i g h t  advantage o f  the c i t r u s  
biof lavonoid  supplementation in prevent ion o f  in ju r ie s ;  however, when 
th is  advantage is analyzed in l i g h t  of  the e f f e c t  on the sev er i ty  of
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in ju ry ,  i t  appears th a t  the big d i f f e r e n c e  in the number o f  sprains  
received was influenced considerably by chance or  in ju r y  prone 
subjects .
As shown in Table V, the average number of  treatments was less  
f o r  both contusions and sprains in the group th a t  received the c i t r u s  
b io f lavono id .  The trend in favor  o f  the supplementation seemed to be 
small but cons is ten t .  This is to be expected because Group A had 
more mild and severe in ju r ie s  than Group B.
TABLE V
DURATION OF TREATMENT RECEIVED BY THE L.S .U .  VARSITY FOOTBALL 
PLAYERS DURING THE 1962 SEASON WHO RECEIVED THE CITRUS 




o f  Treatments 
Per In ju r y
Sprains
Average Number 
of  Treatments 
Per In jury
A (N=24) 113 4 .2 164 5.8
Control (27) (28)
B (N=24) 87 3.8 69 4 .2
B i o f 1avonoid (23) (14)
The preceding analyses were based on t o t a l  f ig u re s  and no 
attempt was made to analyze e f fe c ts  o f  the c i t r u s  b iof lavonoid on 
s p e c i f i c  i n ju r i e s .  I t  is the w r i t e r ' s  opinion th a t  a t r u e r  p ic tu re
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of  the nature o f  the in ju r i e s  could be developed by grouping the  
i n ju r ie s  according to locat ion and time of the i n ju r i e s .
The sprain category included those in ju r ie s  in which there  was 
tea r ing  of  the ligament and j o i n t  s t ru c tu re ,  tendon and muscle t issue .  
Contusions were l im i ted  to those in ju r i e s  involving the rupture of  
blood vessels caused from a force or blow. This may involve muscle,  
tendon and bone t issues.  No breakdown in the contusion category was 
made except f o r  the time element.
Four categories were used in grouping the sprain i n ju r i e s :  (1)  
ankle and foo t  area, (2) knee area , (3) o ther  j o i n t s  o f  the body, and 
(4) pul led muscles.
The t ime of in ju ry  was determined by the month in which the  
in ju ry  occurred. The season was extended over three f u l l  months—  
September, October, and November.
In Table VI the number of in ju r ie s  occurring each month and the 
nature and locat ion of the in ju r ie s  are shown, i t  appears th a t  during  
the month of September the experimental group (Group B) tak ing the 
supplement received considerably fewer i n ju r ie s  than the control  group. 
As the season progressed, however, th is  trend did not remain and in 
some instances the trend was reversed. In the contusion category ,  the 
experimental group received more in ju r i e s  during October and November 
than did the control group. In October, the control group received  
three muscle p u l ls ,  but one of these in ju r ie s  was a r e - i n j u r y  to a 
muscle th a t  was pul led e a r l i e r  in the season. I t  was in te re s t in g  to
TABLE VI
INCIDENCE, NATURE, LOCATION AND MONTH OF INJURY RECEIVED BY THE L.S.U. VARSITY FOOTBALL 
PLAYERS DURING THE 1962 SEASON WHO RECEIVED THE CITRUS BIOFLAVONOID AND THOSE WHO
DID NOT RECEIVE THE CITRUS BIOFLAVONOID
Ankle Knee Other Muscle
Month Joint Joi nt Joints Pul Is Contusions Total
Group A (N=24)
Control
September 2 5 1 1 16 25
October 6 5 2 3 6 22
November 0 2 I 0 5 8




September 1 1 1 1 6 10
October 6 1 2 0 10 19
November 0 1 0 0 7 8
Total 7 3 3 1 23 37
N = 34
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note that  f u r th e r  ana lys is  o f  the in ju r ie s  indicated an increase in 
s u s c e p t i b i l i t y  to in ju ry  a f t e r  the subject  was once in ju red .  This
may be due to  the subject favor ing  the in jured p a r t .
Two subjects in the control group injured both knees. In the
experimental group one subject in jured both knees and another subject
injured both ankles. Each group had one subject who r e - in ju r e d  an 
ankle .  In the experimental group, f i v e  o f  the s ix  i n ju r i e s  occurring  
to  the knee involved only two subjects and four out of  the seven 
ankle i n ju r ie s  involved only two subjects .  The concentration of  
i n ju r ie s  to so few subjects made i t  d i f f i c u l t  to determine the e f f e c t  
of the supplement in determining the prevention of  i n ju r i e s .
In f u r t h e r  comparison of the two groups in October and November, 
i t  appears tha t  there was very l i t t l e  d i f f e r e n c e  between the number 
and nature o f  the in ju r i e s  received by the groups.
I f  the w r i t e r  were to l i m i t  the analysis  of  the data to the 
month of September, i t  would appear th a t  the supplementation of c i t r u s  
biof lavonoid  would be b e n e f ic ia l  in reducing i n j u r i e s .  The control  
group sustained tw e n ty - f iv e  in ju r ie s  during September, whereas the 
experimental group sustained ten in ju r i e s  in September. This trend  
continued, even though s l i g h t ,  during the month of  October as the 
experimental group sustained nineteen i n j u r i e s ,  and the control group 
received twenty-two i n j u r i e s .  During the month of November, both 
groups sustained e igh t  i n j u r i e s .
In analyzing the data in r e la t io n  to the nature ,  locat ion and
time of  i n ju r i e s ,  i t  appears th a t  the supplementation of  c i t r u s  
biof lavonoid  did not help i n the prevention of i n j u r i e s .  Va r ia t io n  
in the number of  in ju r ie s  could be by chance or  by in ju r y  prone 
subjects ra ther  than an e f f e c t  o f  t reatment.
To analyze the e f fe c ts  of the c i t r u s  b iof lavonoid  upon the  
number of  days los t  due to in ju r i e s  was d i f f i c u l t .  As the 
in v e s t ig a to r  studied the number o f  days lost  by the ind iv idual  
players ,  i t  became apparent th a t  a large percentage o f  the t o t a l  days 
lost  was accumulated by r e l a t i v e l y  few p layers .  As shown in Table  
V I I ,  over one - th i rd  of  the to ta l  days lo s t  due to knee in ju r i e s  in 
Group A during the e n t i r e  season was accounted f o r  by one subject.
In analyzing the contusion category of Group A, the same 
problem existed but to  a lesser  degree, although there  were considerably  
more i n ju r ie s  occurring during the month of  September in Group A than 
in Group B. The average number o f  days lo s t  by p layers in Group A 
was s l i g h t l y  less than the days los t  in Group B. This trend reversed 
i t s e l f  w ith  regard to the average number of  days los t  during the 
l a s t  two months of  the season.
As an o v e r - a l l  view o f  the data presented in Table VI I  was 
taken, i t  became apparent tha t  t o t a l i n g  the data as was done in 
e a r l i e r  analyses does not present an accurate p ic tu r e  as to  the  
e f fe c ts  of the c i t r u s  b io f lavonoid  supplementation.
TABLE V I I
DAYS LOST PER INJURY IN RELATION TO THE MONTH IN WHICH THE INJURY OCCURRED TO THE L.S.U. VARSITY 
FOOTBALL PLAYERS DURING THE 1962 FOOTBALL SEASON WHO RECEIVED THE CITRUS BIOFLAVONOID AND
THOSE WHO DID NOT RECEIVE THE CITRUS BIOFLAVONOID*
*Each number under the various in ju r ie s  represents the number of  days lost  by a subject._________
Group and 
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Total 2 8 ? 63 1 4 1 3 16 62 140
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Total 6 21 5 18 2 14 3 12 6 20 85
7 5 6
November 0 2 6 1 10 0 5 5
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Total 1 5 1 18 1 9 1 6 6 26 64
3 3 4 3 3 3
October 6 3 3 
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Total 6 __ 17 1 6 2 8 0 10 31 62
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Total 0 1 8 0 0 7 22 ... 30 .
CHAPTER V
SUMMARY, FINDINGS AND CONCLUSIONS
I .  SUMMARY
The s p e c i f i c  purpose of the study was to eva luate  the b en e f i ts  
of c i t r u s  b iof lavonoid as an aid in the prevent ion and treatment of  
a t h l e t i c  i n j u r i e s .  A double -b l ind study was conducted during the 
1962 f o o t b a l l  season at  the Louisiana State  U n iv e rs i ty .
Members of the v a r s i t y  f o o t b a l l  team at  the Louisiana Sta te  
U n iv e rs i ty  during the 1962 season were used as subjects in th is  study.  
F o r ty -e ig h t  p layers ,  inc luding t h i r t y - f i v e  members of the v a r s i t y  
squad and th i r t e e n  members of the scout squad, were arranged 
randomly in to  two groups on a matched player  basis.  Throughout the 
pre-season p rac t ices  and during the regular  season each player  
received three g e la t in  capsules d a i l y ,  two before the noon meal and 
the t h i r d  a t  s u i t -u p  t ime.
Capsules contain ing 300 mg. of  lemon-orange f lavonate  g lycoside  
(a c i t r u s  b iof lavonoid  complex) was dispensed to  Group B. The capsule 
dispensed to Group A contained 300 mg. of lactose,  a placebo 
fo rm u la t ion .
A d e ta i le d  des cr ip t io n  of  a l l  the in ju r ie s  was recorded 
according to  nature ,  s e v e r i ty  and treatment.  A comparison of  the
53
i n ju r ie s  and treatment  received by Group A and Group B was made. A l l  
i n ju r ie s  were described as to lo ca t io n ,  type,  and s e v e r i t y  a t  the time 
of occurrence.
Because of  the l im i ted  number of  subjects used in th is  study,  
no s t a t i s t i c a l  technique was used to  determine the d i f fe ren c es  between 
the two groups.
I I .  FINDINGS
The incidence of  in ju r ie s  was as fo l lows;
1. Th ir teen players were in jured in Group A, and fourteen
players were injured in Group B.
2.  Group A subjects received twenty-seven contusions, whereas
the subjects in Group B received twenty- three  contusions.
3- In the sprain  category, Group A received tw en ty -e igh t  i n j u r i e s ,  
and Group B received fourteen i n j u r i e s .
h . Group A received nine sprains and s ix teen contusions during  
the month o f  September, whereas Group B received four  
sprains and s ix  contusions in the same month.
5.  Group A received s ix teen sprains and s ix  contusions during
October,  whereas Group B received nine sprains and ten 
contusions.
6. Group A received three sprains and f i v e  contusions during
November, whereas Group B received one sprain and seven 
contusions.
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The extent  of the sev er i ty  of the in ju r ie s  was approximately the 
same in both groups. In the sprain category in Group A, 36 per cent of  
the in ju r ie s  f e l l  in the minimal and mild c l a s s i f i c a t i o n s .  S ix ty - fo u r  
per cent of the in ju r ie s  f e l l  in the moderate and severe c l a s s i f i c a t i o n s .  
In Group B, 50 per cent of  the sprains were of the minimal and mild 
c la s s i f i c a t i o n s ,  and 50 per cent were of  the moderate and severe 
cl ass i f i  cat i  ons.
The average number of treatments per in ju ry  was greater  in 
Group A than in Group B fo r  both the contusions and the sprains.  The 
average number of  treatments fo r  contusions in Group A was 4 . 2 .  In 
Group B i t  was 3 .8 .  For the sprain category, the average number of  
treatments received by Group A was 5 .8 .  The average number of treatments 
received by Group B was 4 . 2 .  In making analys is  by using t o t a ls ,  i t  
appeared that  the experimental group received some b en e f i t  from the 
c i t r u s  b io f lavonoid ;  however, when th is  analysis  was made in terms of  
s p e c i f ic  in ju r i e s ,  i t  became apparent that  the in ju r ie s  to only a few 
subjects influenced the average a great  dea l .
111. CONCLUSIONS
Within the l im i ts  of th is  study, i t  was concluded tha t ;
1. C i t rus  biof lavonoid has no e f f e c t  on the number of  players
i n j  u red.
2.  C i t rus  biof lavonoid w i l l  aid s l i g h t l y  in reducing the to ta l
number of i n ju r ie s .
l t ru s  biof lavonoid supplementation has only a s l ig h t  e f f e c t ,  
i f  any, on reducing the s ev er i ty  of  foo tba l l  i n ju r i e s ,  
i t ru s  biof lavonoid may show a s l ig h t  advantage in the 
reduction of  recovery time from traumatic in ju r ie s  
received in f o o t b a l l ,  
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PHYSICAL EXAM RECORD 
(1962 Foo tba l l  Season)
NAME: ________________________________________________  CODE:_ __________________
POSITION: ___________________________________________  HEIGHT:  _ _
DATE: ________________________________________________  WEIGHT:_ _______________
Pre-season Physical  Examination




Pulse Rate (b e fo re  exe rc is e )  _______________ ( a f t e r  e x e rc is e )_____________
Eye t e s t  __________________________________________________
Ear,  Nose and Throat  ____________________________________
Nerve r e f le x e s  __________________________________________
Comments on general h ab i ts  (use of a s p i r i n )  a p p e t i t e ,  sleep h a b i t s ,  e t c .
H is to ry  o f  previous i n ju r y  ___________________________________________________
H is to ry  o f  colds and o ther  minor r e s p i r a t o r y  i n fe c t io n s  _________________
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APPENDIX B
ATHLETIC INJURY STUDY 
(1962 Football  Season)
NAME: ________________________________________  DATE; _______
POSITION: ____________________________________ TABLET CODE:







Nature of  In jury  




































PLAYER ___________________________________________  FORMULATION CODE______
POSITION _______________________________________ DATE___________________
TYPE AND LOCATION OF INJURY (CONTUSION, SPRAIN, MUSCLE CRAMPS, KNEE 
INJURY, BRUISE, HEMATOMA OR OTHER).
TREATMENT RECOMMENDED 
THERAPY APPLIED 




Pos i t  i on ______
Team____________











































Medication and Treatment Code:
c .  = Cast o m II
EX. = Exerci se S. =
HT. = Hydrotherapy PT. =
IN .  = 1nj ec t  ion T. =
N. = Novocaine TR. =
Oral enzyme 
Soni c




A. - arm 1. = i n fec t ion
Abd . = abdomen K. = knee
Abr .= abrasion L. = leg
An. = ankle Lo. = lower
B. = back 1. = l e f t
B1 . = b l i s t e r M. = muscle
Ch. = chest Mo. = mouth
E. = eye r t .  = r ig h t
El . = el bow S. = shoulder
F. = face Sh. = shin
F i . = f  i nger T. = tendon
F t . = fo o t Th. = thi  gh
Fu. = fungus To. = toe
H. = head u. = upper
HI. = heel W. = wri st
Hp. = hip
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